The relationship between bone marrow edema and bone changes in the mandibular condyle: A longitudinal study with MR imaging  by Higuchi, Keisuke et al.
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Purpose:  Decreased  signal  intensity  on  T1-  or proton-density  weighted  magnetic  resonance  imaging  (MRI)
and  increased  signal  intensity  on  T2-weighted  MRI in the  bone  marrow  space  are  thought  to reﬂect  bone
marrow  edema  (BME).  The  purpose  of  this  study  was  to determine  whether  condyle  BME  is associated
with  condyle  bone  changes.
Methods: The  subjects  were  57 patients  [65  temporomandibular  joints  (TMJs)]  with  TMJ  disorders  show-
ing  condyle  BME  on initial  MRI. Condyle  bone  changes  were  compared  between  TMJs  that  showed  a
persistent  BME  pattern  (group  P, 43 TMJs  in 40 patients)  and  those  that  showed  normal  bone marrow
signals,  indicating  disappearance  of BME  (group  D, 21  TMJs  in  22  patients)  on follow-up  MRI.
Results: (1)  In TMJs  with  a  condyle  with  a normal  shape  on  initial  MRI,  condyle  bone  changes  were
present  in  53.9%  of  TMJs  in  group  P  in  follow-up  MRI,  whereas  the  normally  shaped  condyle  remained  in
all  TMJs  in  group  D. (2)  In  TMJs  with  condyle  erosion  on initial  MRI,  condyle  erosion  was  also  present  in
35.7%  of  TMJs  in group  P in follow-up  MRI,  but  had disappeared  in all  TMJs  in  group  D. (3)  In  TMJs  with
condyle  osteophytes  on  initial  MRI,  erosion  was  present  in  22.2%  of TMJs  in  group  P, whereas  osteophytes
remained  in  all TMJs  in group  D.
Conclusions: The  longitudinal  study  showed  that  condyle  BME  is  associated  with  condyle  bone  changes
and  may  cause  condyle  erosion.
© 2012 Japanese Stomatological Society. Published by Elsevier Ltd. All rights reserved.. Introduction
A  decrease in the signal intensity of bone marrow on T1-
r proton density-weighted magnetic resonance imaging (MRI)
nd an increase on T2-weighted MRI  indicates the presence of
one marrow edema (BME) [1]. BME  occurs most commonly in
reas around joints and is also observed in temporomandibu-
ar joints (TMJ) [2]. Cross-sectional studies on knee osteoarthritis
3,4] have shown signiﬁcantly greater BME  in joint surfaces with
dvanced osteoarthritis. Larheim et al. [5] found that osteoarthritis
n TMJs could induce bone marrow abnormalities in the mandibu-
ar condyle due to osteonecrosis or BME. However, Sano et al. [6]
eported that bone marrow abnormalities could occur separately
rom osteoarthritis, while Emshoff et al. [7] reported that there was
 signiﬁcant relationship between condyle BME  and osteoarthritis
n TMJ  using 2 analysis for pair-wise comparison, but suggested
hat osteoarthritis did not cause condyle BME  according to the mul-
iple logistic regression analysis.
∗ Corresponding author. Tel.: +81 22 7178358.
E-mail address: kei-higuchi0626@rk9.so-net.ne.jp (K. Higuchi).
348-8643/$ – see front matter ©  2012 Japanese Stomatological Society. Published by Els
ttp://dx.doi.org/10.1016/S1348-8643(12)00053-5A longitudinal study indicated that BME might be a risk factor
for structural deterioration in knee osteoarthritis [8], but the rela-
tionship between BME  and bone changes in the TMJ  has not been
examined. Therefore, the current study was performed in mandibu-
lar condyles with BME  to evaluate MRI  ﬁndings of changes of TMJ
structures after treatment and to evaluate the relationship between
BME and bone changes.
2.  Patients and methods
2.1.  Patients
The subjects were patients who visited the Department of Oral
Surgery of the former Tohoku University Dental Hospital between
January 2000 and April 2006 and underwent MRI  for diagnosis of
TMJ  disorders. The inclusion criteria were (1) diagnosis of BME  in
the bone marrow of the mandible based on MRI before the start of
treatment, (2) TMJ  disorders of type II (capsule-ligament disorders),
type III (internal derangement of the TMJ), or type IV (degenera-
tive joint disorders: DJD) according to the classiﬁcation proposed
by the Japanese Temporomandibular Joint Society [9], (3) post-
treatment MRI  performed ≥6 months after MRI  before treatment,
and (4) age ≥20 years old. The exclusion criteria were (1) unreliable
evier Ltd. All rights reserved.
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Table 1
Magnetic resonance imaging sequence.
T1WI PDWI T2WI with fat
suppression
TR (ms) 577 1919 3485
TE (ms) 20 20 95
Thickness (mm) 3 3 3
Field of view (mm) 140 140 140
Image matrix 205 × 256 256 × 256 252 × 256
Number of excitations 2 2 2
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I,  weighted image; PD, proton density; TR, repetition time; TE, echo time.
ignal intensities of the mandibular condyle bone marrow due to
nsufﬁcient fat suppression, (2) rheumatoid arthritis, (3) a history
f trauma such as mandibular fracture, (4) a tumor in the TMJ, and
5) a psychiatric disorder.
Based  on these criteria, the study group consisted of 65 TMJs
n 57 patients with TMJ  disorders. The patients were aged 20–81
ears (mean: 43.6 ± 16.4 years) and had suffered pain for 0–240
onths [median (interquartile range): 3.0 (11.0) months]. The time
nterval between MRI  before and after treatment ranged from 6
o 69 months [median (interquartile range) 14.5 (10.9) months].
he patients were given the following treatments in a stepwise
anner: (1) instructions on activities in daily life, the mandible
anipulation technique, and therapy of mainly nonsteroidal anti-
nﬂammatory drugs; (2) a stabilization splint; and (3) pumping
anipulation treatment or arthrocentesis, according to the ther-
peutic effect.
.2.  Severity of arthralgia
The  severity of arthralgia was evaluated using a visual analog
cale (VAS) from 0 (no pain) to 100 (maximum imaginable pain).
.3.  MRI  conditions
The  sagittal plane at a right angle to the long axis of the mandibu-
ar condyles was imaged using a 1.5 T MRI  system (Gyroscan
CS-NT; Philips Medical, Best, the Netherlands) with a 10-cm sur-
ace coil. T1- or proton density-weighted images were recorded
ith the mouth closed, and T2-weighted images with fat suppres-
ion and T1-weighted images were obtained with the mouth open.
ach MRI  sequence is shown in Table 1.
ig. 1. Signal intensity of the normal bone marrow. In the mandibular condyle bone marro
mages and low signal intensity on T2-weighted images with fat suppression was  deﬁnedrnational 10 (2013) 33– 39
2.4.  Evaluation of MRI
The  articular discs, mandibular condyles, and joint prominence
in the opened and closed mouth positions were observed on sagittal
T1- or proton density-weighted images. Disc normal position was
diagnosed when the top of the mandibular condyle was  located
under the posterior thick band of the disc in the opened and closed
mouth positions. Disc displacement with reduction was diagnosed
when the disc position was located anterior to the mandibular
condyles in the closed mouth position, but the thin part of the disc
was between the mandibular condyles and the joint prominence in
the opened mouth position. Disc displacement without reduction
was diagnosed when the disc was  located anterior to the mandibu-
lar condyles in the opened and closed mouth positions. Articular
disc displacement with bone change was deﬁned as cases with bone
change in the mandibular condyles.
2.5. Evaluation of signal intensity of the bone marrow
Signal intensity was evaluated in the mandibular condyle bone
marrow beneath the joint surfaces. High signal intensity on T1-
or proton density-weighted images and low signal intensity on
T2-weighted images with fat suppression was  deﬁned as normal
(Fig. 1). Low signal intensity on T1- or proton density-weighted
images and high signal intensity on T2-weighted images with fat
suppression was  considered to indicate BME  (Fig. 2).
2.6.  Evaluation items
The  study group was  classiﬁed in TMJs with a BME  pattern that
persisted on post-treatment MRI  (group P) and TMJs in which the
BME  pattern had disappeared on post-treatment MRI  (group D).  The
mandibular condyle morphology, amount of joint effusion, and sig-
nal intensity of the posterior disc attachment (PDA) on T2-weighted
images with fat suppression were compared between group P and
D.
) The mandibular condyle morphology in the closed mouth posi-
tion  observed on sagittal T1- or proton density-weighted images
was  divided into 4 types: normal, presence of osteophytes (local
increase  of opacity in the bone margin), erosion (cortical bone
resorption),  and others, including ﬂattening (mandibular condy-
lar  ﬂattering) and concavity (mandibular condylar depression).
The  severity of bone change was deﬁned in the descending order
w beneath the joint surfaces, high signal intensity on T1- (proton density-) weighted
 as normal (arrow). WI,  weighted image.
K. Higuchi et al. / Oral Science International 10 (2013) 33– 39 35
Fig. 2. Signal intensity of the bone marrow edema (BME). In the mandibular condyle bone marrow beneath the joint surfaces, low signal intensity on T1- (proton density-)
weighted images and high signal intensity on T2-weighted images with fat suppression was considered to indicate BME  (arrowhead). WI,  weighted image.
Table 2
Changes over time in the mandibular condyle morphology in groups P and D.
Group P (43 TMJs) Group D (22 TMJs)
Before treatment After treatment Before treatment After treatment
Erosion 14 TMJs Erosion  5 TMJs (35.7%) Erosion 10 TMJs Osteophytes  5 TMJs (50.0%)
Osteophytes 6  TMJs (42.9%) Others 3 TMJs (30.0%)
Others  1 TMJ (7.1%) Normal 2 TMJs (20.0%)
Normal  2 TMJs (14.3%)
Osteophytes 9 TMJs Erosion 2 TMJs (22.2%)
Osteophytes 4 TMJs Osteophytes 4 TMJs (100%)Osteophytes 5  TMJs (55.6%)
Others  2 TMJs (22.2%)
Others  7 TMJs Erosion  2 TMJs (28.6%)
Others 3 TMJs
Osteophytes 2 TMJs (66.7%)
Osteophytes 1  TMJ (14.3%) Normal 1 TMJ  (33.3%)
Others  3 TMJs (42.9%)
Normal  1 TMJ (14.3%)
Normal  13 TMJs Erosion  1 TMJ (7.7%)
Normal 5 TMJs Normal 5  TMJs (100%)
Osteophytes 3 TMJs (23.1%)
Others  3 TMJs (23.1%)
Normal 6  TMJs (46.1%)
G rn tha
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sroup P, temporomandibular joints (TMJs) with a bone marrow edema (BME) patte
roup D, TMJs in which the BME  pattern had disappeared on post-treatment MRI.
of erosion, osteophytes, and others. A case with multiple bone
changes  was classiﬁed as a severe bone change.
) Joint effusion was deﬁned as uniform high signal intensity in the
superior  articular cavity in sagittal T2-weighted images in the
closed  mouth position [10]. The amount of joint effusion was
classiﬁed  into 4 types: none, line (width < 1 mm),  bold line (1 to
<2  mm),  and zone (≥2 mm).  The width of the joint effusion was
measured  using a loupe (×10).
)  Signal intensity of the PDA was evaluated on sagittal T2-
weighted images with fat suppression in the closed mouth
position. The signal was deﬁned as low intensity if the same
intensity  was observed for the posterior thick band of the disc,
and  high intensity if the PDA signal intensity was higher than
that  for the posterior thick band of the disc in two  or more slices
in  a row [11].
.7. Statistical analysis
Age  and MRI  ﬁndings between groups P and D were compared by
2 test. The disease period, time interval between MRI  before and
fter treatment, and mandibular condyle morphology were com-
ared between the groups by Mann–Whitney U test. A Wilcoxon
igned-rank test was used to compare the severity of arthralgia,t persisted on post-treatment magnetic resonance imaging (MRI).
MRI  ﬁndings, mandibular condyle morphology, amount of joint
effusion, and PDA signal intensity before and after treatment. Sta-
tistical analysis was performed using Macintosh StatView ver. 5.0,
with a signiﬁcance level of p < 0.05.
3.  Results
Group P consisted of 43 TMJs in 40 patients while group D
consisted of 22 TMJs in 21 patients.
3.1. Comparison between cases in which BME  persisted and
disappeared after treatment
The  mean ages in these groups were 41.2 ± 16.1 and 48.3 ± 16.4
years, respectively, with no signiﬁcant difference between the
groups (p = 0.220). The median (interquartile range) of the dis-
ease period was 4.0 (11.0) months in group P and 3.0 (10.0)
months in group D, also with no signiﬁcant difference between
the groups (p = 0.669). The median (interquartile range) of pre- and
post-treatment VAS (reﬂecting the severity of arthralgia) showed
signiﬁcant decreases from before to after treatment in group P [39.0
(37.0) vs. 0 (11.0), p < 0.001] and in group D [35.0 (61.0) vs. 0 (1.0),
p = 0.001].
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The median (interquartile range) of the time interval between
RI evaluations before and after treatment was signiﬁcantly
horter in group P compared to group D [13.5 (10.9) vs. 16.8 (10.0)
onths, p = 0.043]. Pre- and post-treatment MRI  in group P indi-
ated disc normal position in 1 (2.3%) and 1 (2.3%) TMJs, disc
isplacement with reduction in 3 (7.0%) and 2 (4.7%) TMJs, disc
isplacement without reduction in 9 (20.9%) and 6 (14.0%) TMJs,
nd articular disc displacement with bone change in 30 (69.8%) and
4 (79.1%) TMJs, respectively. There were no signiﬁcant differences
etween the pre- and post-treatment MRI  evaluations in this group
p = 0.218). In group D, the equivalent ﬁndings were 1 (4.5%) and 1
4.5%) TMJs, 3 (13.6%) and 4 (18.2%) TMJs, 1 (4.5%) and 3 (13.6%)
MJs, and 17 (77.3%) and 14 (63.6%) TMJs, respectively, again with
o signiﬁcant differences between the pre- and post-treatment MRI
valuations (p = 0.103).
.2. Relationship between BME  and mandibular condyle
orphology
Changes over time in the mandibular condyle morphology in
roups P and D are shown in Table 2. In group P, 14 TMJs had erosion
efore treatment, of which 5 still had erosion, 6 had osteophytes,
nd 2 had healed to a normal morphology after treatment; 9 TMJs
ad osteophytes before treatment, of which 2 had developed ero-
ion in addition to osteophytes and 5 still had osteophytes only;
nd 13 TMJs had a normal mandibular condyle morphology before
reatment, of which 1 developed erosion, 3 had osteophytes, and
 remained normal after treatment. These results showed no sig-
iﬁcant differences from before to after treatment (p = 0.691). In
roup D, 10 TMJs had erosion before treatment, of which 5 devel-
ped osteophytes and 2 healed to a normal morphology; 4 TMJs
ad osteophytes before and after treatment, and 5 TMJs had a nor-
al  morphology before and after treatment. These results showed a
igniﬁcant improvement in the mandibular condyle morphology in
roup D after treatment (p = 0.009). There was no signiﬁcant inter-
roup difference in the mandibular condyle morphology before
p = 0.332) or after (p = 0.092) treatment.
.3. Relationship between BME  and joint effusion
Changes over time in the amount of joint effusion in groups P
nd D are shown in Table 3. In group P, there were 7 TMJs with
 “line” classiﬁcation before treatment, of which the status was
nchanged in 5 and increased to “bold line” in 1 and “zone” in 1
fter treatment; 13 “bold line” TMJs before treatment, of which the
able 3
hanges over time in the amount of joint effusion in groups P and D.
Group P (43 TMJs) 
Before treatment After treatment 
Line Line 5 TMJs 
7  TMJs Bold line 1 TMJ  
Zone 1 TMJ
Bold line Line 4 TMJs 
13  TMJs Bold line 9 TMJs 
Zone None 2 TMJs 
23  TMJs Line 6 TMJs 
Bold line 5 TMJs 
Zone 10 TMJs 
roup P, temporomandibular joints (TMJs) with a bone marrow edema (BME) pattern tha
roup D, TMJs in which the BME  pattern had disappeared on post-treatment MRI.rnational 10 (2013) 33– 39
status was unchanged in 9 and decreased to “line” in 4 after treat-
ment; and 23 “zone” TMJs before treatment, of which the status was
unchanged in 10 and decreased to “none”, “line”, and “bold line” in
2, 6, and 5, respectively. These data showed that joint effusion in
group P signiﬁcantly decreased after treatment (p = 0.002).
In group D, 1 TMJ  with a joint effusion classiﬁcation of “none”
before treatment increased to “bold line” after treatment. There
were 3 “line” TMJs before treatment, of which the status was
unchanged in 1 and increased to “bold line” in 2 after treatment;
10 “bold line” TMJs before treatment, of which the status was
unchanged in 4, decreased to “none” in 1 and “line” in 4, and
increased to “zone” in 1 after treatment; and 8 “zone” TMJs before
treatment, of which the status was unchanged in 2 and decreased
to “none” in 1, “line” in 1, and “bold line” in 4 after treatment. Thus,
joint effusion in group D also decreased after treatment, but the
change was not signiﬁcant (p = 0.084).
3.4.  Relationship between BME and signal intensity of the PDA on
T2-weighted images with fat suppression
Changes over time of the signal intensity of the PDA on T2-
weighted images with fat suppression in groups P and D are shown
in Table 4. In group P, 26 TMJs showed PDA low signal inten-
sity before treatment, with low signal intensity remaining in 14,
changing to high signal intensity in 11, and the signal intensity
being nonevaluable in 1 after treatment; and 16 TMJs showed PDA
high signal intensity before treatment, with high signal intensity
remaining in 5 and changing to low signal intensity in 11 after treat-
ment. There was  no signiﬁcant change in the PDA signal intensity
after treatment in group P (p > 0.999). In group D, 11 TMJs showed
PDA low signal intensity before treatment, with low signal inten-
sity remaining in 10 and changing to high signal intensity in 1 after
treatment. All 10 TMJs with PDA high signal intensity before treat-
ment showed low signal intensity after treatment. The number of
TMJs with PDA low signal intensity signiﬁcantly increased after
treatment in group D (p = 0.007).
4.  Discussion
4.1. Mandibular condyle bone morphologyBone erosion imaged by MRI  shows decreased T1-weighted sig-
nals and increased proton density-weighted signals, whereas an
X-ray image can show a decrease in bone density. These patholo-
gies are both referred to as erosion, but are not always the same.
Group D (22 TMJs)
Before treatment After treatment
None Bold line 1 TMJ
1 TMJ
Line Line 1 TMJ
3 TMJs Bold line 2 TMJs
Bold line None 1 TMJ
10 TMJs Line 4 TMJs
Bold  line 4 TMJs
Zone  1 TMJ
Zone None 1 TMJ
8 TMJs Line 1 TMJ
Bold line 4 TMJs
Zone 2 TMJs
t persisted on post-treatment magnetic resonance imaging (MRI).
K. Higuchi et al. / Oral Science International 10 (2013) 33– 39 37
Table 4
Changes over time of the signal intensity of the PDA on T2-weighted images with fat suppression in groups P and D.
Group P (43 TMJs) Group D (22 TMJs)
Before treatment After treatment Before treatment After treatment
Low 26 TMJs Low 14 TMJs Low 11 TMJs Low 10 TMJs
High  11 TMJs High 1TMJ
Unevaluation  1 TMJ
High 16 TMJs Low 11 TMJs High 10 TMJs Low 10 TMJs
High 5  TMJs
Unevaluation 1 TMJ  Low 1 TMJ Unevaluation 1 TMJ  Unevaluation 1 TMJ
Group P, temporomandibular joints (TMJs) with a bone marrow edema (BME) pattern that persisted on post-treatment magnetic resonance imaging (MRI).
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DA, posterior disk attachment.
or detection of erosion, MRI  is several times more sensitive than
-ray [12–14] and an X-ray examination may  miss the early-
tage pathology. Therefore, we used MRI  to evaluate erosion in the
andibular condyle in this study. Toyoda et al. [15] performed a
ongitudinal study of the relationship between changes in the
andibular condyle morphology and clinical symptoms using MRI
n patients with osteoarthritis of the TMJ, and found that arthralgia
esolved and maximal mandibular opening increased when ero-
ion disappeared, and that erosion indicated morbidity of TMJs. It
s suggested that erosion was caused by persistent inﬂammation of
he joint due to cortical bone resorption. Based on these ﬁndings,
e suggest that erosion may  be an important pathological factor in
nﬂammation.
Toyoda et al. [15] described formation of osteophytes as a
orphological change of the mandibular condyle with a limited
elationship with an increase in arthralgia and a decrease in max-
mal mandibular opening, while Uchida et al. [16] suggested that
steophyte formation was an adaptational change of mandibular
ondyles caused by a bony outgrowth due to bone remodeling.
hese previous studies suggest that osteophyte formation is a
igniﬁcant morphological change, but that the pathological signif-
cance is not great. Furthermore, Hashizume et al. [17] found that
one changes such as ﬂattening and concavity were adaptational,
ather than pathological, changes, and Honda et al. [18] suggested
hat erosion and osteophyte formation were more severe bone
hanges than ﬂattening and concavity. Therefore, the pathological
igniﬁcance of ﬂattening and concavity is also likely to be low. Also,
n this study, the mandibular condyle morphology returned to nor-
al  after treatment in 20% of TMJs with ﬂattening and concavity,
hich supports the ﬁndings in previous studies [17,18]. Based on
hese results, we classiﬁed bone change of the mandibular condyles
nto erosion, osteophyte formation, and others (ﬂattening, concav-
ty) and considered that bone change due to erosion was most
igniﬁcant pathologically.
.2.  BME  and mandibular condyle morphology
Cross-sectional studies of knee osteoarthritis by Phan et al. [3]
nd Kijowski et al. [4] showed that BME  occurred signiﬁcantly
ore frequently in knee joints with advanced osteoarthritis. A
ongitudinal study by Felson et al. [8] indicated that BME  might
e a risk factor for structural deterioration in knee osteoarthri-
is. However, bone change of the mandibular condyles may  also
e related to articular disc displacement, and particularly disc
isplacement without reduction [19] and the majority of cases
nvolve secondary osteoarthritis of the TMJ. However, patients in
hich TMJ  discs were normally positioned also have bone change
20,21] and primary osteoarthritis of the TMJ. Therefore, there
re likely to be several causes of bone change of the mandibular
ondyles. A possible causal role of BME  could not be established inprevious cross-sectional studies. Emshoff et al. [7] found a signiﬁ-
cant relationship between condyle BME  and osteoarthritis in TMJ
using 2 analysis for pair-wise comparison, but also showed that
osteoarthritis did not cause condyle BME  according to the multi-
ple logistic regression analysis. Larheim et al. [5] suggested that
osteoarthritis in TMJs could induce bone marrow abnormalities in
the mandibular condyle due to osteonecrosis or BME, and Sano
et al. [6] suggested that bone marrow abnormalities could occur
separately from osteoarthritis. Osteonecrosis of the mandibular
condyle bone marrow appears as a combination of BME  and sclero-
sis patterns of low signal intensity on T1- and T2-weighted images
[5], which suggests that osteonecrosis might affect the mandibular
condyle morphology. This led us to focus on BME  in this study.
We  found that bone change developed in 53.9% of TMJs with nor-
mal  mandibular condyles after treatment, but that the mandibular
condyle morphology was normal in all TMJs in cases in which BME
disappeared. These results suggest that persistent BME  might be a
cause of bone change. Kai et al. [21] showed that bone change of the
mandibular condyles was  associated with terminal-stage internal
derangement of the TMJ  (TMJ disorder type III), but there were some
type III cases that did not develop bone change. BME  might be a
prognostic factors in type III cases, and we speculate that persistent
BME in the mandibular condyles might progress to TMJ  disorder
type IV, whereas a case without BME  or in which BME disappeared
might remain as a type III TMJ  disorder.
In TMJs of the mandibular condyles with erosion and BME, 35.7%
in which BME  persisted still had erosion, but erosion disappeared
when BME  disappeared after treatment. Thus, there was a relation-
ship between disappearance of erosion and elimination of BME.
BME disappeared after erosion disappeared and the pathology was
improved, which suggested that BME  might have greater patho-
logical signiﬁcance. Furthermore, erosion disappeared when BME
disappeared, but BME  persisted after erosion disappeared, indicat-
ing a tendency for disappearance of erosion prior to disappearance
of BME. This suggests that BME  disappears after the cortical bone
of the mandibular condyles is reconstructed and that there may  be
a close relationship between the pathologies of the cortical bone
and bone marrow.
In  TMJs of the mandibular condyles with osteophytes and BME,
22.2% of those in which BME  persisted developed new erosion, and
some still had osteophytes after BME  disappeared. TMJs with per-
sistence of BME  had erosion, which suggests that BME  has greater
pathological signiﬁcance and might contribute to bone change of
the mandibular condyles. This is one reason why BME  is a patholog-
ical ﬁnding. In patients with osteoarthritis of the TMJ, Toyoda et al.
[15] found no change in morphology over time in 15 of 18 TMJs with
osteophytes (83.4%), indicating that this is a bone morphology that
is likely to persist. In contrast, we found that erosion in addition
to osteophytes was least likely to change in cases with persistent
BME. However, in some cases the mandibular condyle morphology
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hanged to normal and the appearance of osteophytes remained
ven when erosion developed. All TMJs in which BME  disappeared
ad no erosion, indicating that BME  developed before erosion.
In  TMJs of mandibular condyles with BME  as well as ﬂattening
nd concavity, 28.6% in which BME  persisted developed erosion,
nd 33.3% in which BME  disappeared reverted to normal mandibu-
ar condyle morphology and 66.7% developed osteophytes. These
esults suggest that ﬂattening and concavity morphologies are
ikely to change over time. For this reason, the diagnostic crite-
ia of the Japanese Temporomandibular Joint Society [9] require
oth the presence of BME  and disease progression for a deﬁnite
iagnosis of osteoarthritis of the TMJ. Erosion sometimes devel-
ped when BME  persisted, which suggests that BME contributes to
xacerbation of bone change of the mandibular condyles. However,
rosion disappeared when BME  disappeared, indicating that BME
evelops before erosion.
In  cases in which BME  persisted after treatment, the mandibular
ondyle morphology improved in 27.9%, was unchanged in 44.2%,
nd deteriorated in 27.9%, while in those in which BME  disappeared
hese rates were 50.0%, 40.9%, and 9.1%, respectively. Thus, there
as greater improvement and less deterioration of the morphology
hen BME  disappeared. As discussed above, BME  developed before
rosion and disappeared after erosion disappeared.
.3. Relationships of the severity of BME  and joint effusion with
he  PDA signal intensity
In  a cross-sectional study in patients with osteonecrosis of the
emoral head, Huang et al. [22] found that BME  had a signiﬁ-
ant relationship with the amount of joint effusion. Larheim et al.
23] showed that prevalence of bone marrow abnormalities in the
andibular condyle due to osteonecrosis or BME  increased in TMJs
ith joint effusion, and Emshoff et al. [7] found a signiﬁcant rela-
ionship between condyle BME  and joint effusion using 2 analysis
or pair-wise comparison, but also showed that joint effusion did
ot cause condyle BME  according to the multiple logistic regres-
ion analysis. The cross-sectional design of these studies prevented
stablishment of a causal relationship between BME  and joint effu-
ion of the mandibular condyles. In the current study, the rates of
ecrease, no change, and increase in joint effusion in cases with
ersistence of BME  after treatment were 39.5%, 55.8%, and 4.7%,
espectively, while these rates in cases in which BME  disappeared
fter treatment were 50.0%, 31.8%, and 18.2%, respectively, Thus,
he amount of joint effusion was mainly decreased or unchanged
egardless of the presence or absence of BME  after treatment. These
ndings were not sufﬁcient to prove the absence of a relationship
etween BME  and joint effusion of the mandibular condyles, but
hey suggest that BME  does not directly affect development and
limination of joint effusion.
Chiba et al. [11] examined the relationship between signal inten-
ity of the PDA on T2-weighted images with fat suppression and
rthralgia in TMJs with anterior disc displacement, with ﬁndings
f arthralgia in 47 of 61 TMJs (77.0%) with PDA high signal inten-
ity and 97 of 222 TMJs (43.7%) with PDA low signal intensity. This
uggested that high signal intensity of the PDA correlated closely
ith more advanced joint pathology and might reﬂect the increased
ascularity or inﬂammation of the PDA histologically. Based on
hese results, we assumed that PDA high signal intensity might
e pathologically signiﬁcant and related to BME  of the mandibu-
ar condyles. We  found that 42.3% of TMJs with PDA low signal
ntensity before treatment showed high signal intensity when BME
ersisted after treatment, whereas low signal intensity remained in
0.9% of cases in which BME  disappeared after treatment. On the
ther hand, 31.3% of TMJs with PDA high signal intensity before
reatment remained high signal intense when BME  persisted, but
ll of these types of TMJ  showed PDA low signal intensity whenrnational 10 (2013) 33– 39
BME  disappeared after treatment. These ﬁndings suggest a rela-
tionship between disappearance of BME  and low signal intensity
of the PDA, and indicate that BME  inﬂuences the signal intensity
of the PDA. Furthermore, most TMJs (90.9%) in which BME  disap-
peared still showed PDA low signal intensity, indicating that PDA
low signal intensity appeared before development of BME.
The  imaging time interval between MRI  before and after treat-
ment was signiﬁcantly greater in cases in which BME  disappeared,
since standard timing of post-treatment MRI  was  not used. Thus,
a prospective study with ﬁxed timing of post-treatment MRI  is
required for a full evaluation of the relationship between BME  and
the mandibular condyle morphology.
5. Conclusion
In this study, mandibular condyles of TMJs with BME on MRI
before treatment were divided into groups in which BME  per-
sisted or disappeared after treatment. The mandibular condyle
bone morphology, amount of joint effusion, and changes in signal
intensity of the PDA on T2-weighted images with fat suppression
were compared between the groups. Erosion remained in 35.7%
of mandibular condyles with TMJs with erosion and BME  before
treatment, but erosion disappeared or changed to another bone
change when BME  disappeared after treatment. Erosion devel-
oped in 22.2% of mandibular condyles with TMJs with osteophytes
and BME  before treatment that still had BME  after treatment, but
osteophytes remained in all cases in which BME  disappeared. Bone
change developed in 53.9% of mandibular condyles with a normal
morphology before treatment that still had BME  after treatment,
whereas the mandibular condyle morphology remained normal
in cases in which BME  disappeared. Joint effusion decreased after
treatment regardless of the presence or absence of BME  after treat-
ment. In mandibular condyles with TMJs in which BME  persisted
after treatment, the PDA signal intensity was unchanged on T2-
weighted images with fat suppression, while the PDA of TMJs in
which BME  disappeared showed low signal intensity.
We  conclude that BME  of mandibular condyles found on MRI
reﬂects the mandibular condyle morphology and alters the signal
intensity of the PDA on T2-weighted images with fat suppression,
and that BME  might induce erosion of mandibular condyles.
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